Abstract
I. INTRODUCTION
Peristalsis is a process that involves fluid flow in a tubular duct by the waves generated along the wall. al., [5] , Takabatake et. al., [6] , El Shehawey and
Mekheimer [7] , Ramachandra and Usha [8] ,
Mekheimer [9] , Vajravelu et. al., [10] , Mekheimer and Abd elmaboud [11] , Rathod and Tanveer [12] and so on. De Vries et. al., [13] have reported that the myometrial contractions may occur not only in symmetric channel but also in an asymmetric channel.
With this view point there are quite a lot of studies in the literature related to the peristaltic flow of Newtonian/non-Newtonian fluids in an asymmetric channel; Ramachandra Rao and Mishra [14] , Elshehawey, et. al., [15] , Subba Reddy et. al., [16] , Ali and Hayat [17] , Ebaid [18] , Sobh [19] Nanofluid is a homogeneous mixture of particles of nanoscale and carrier fluids like water, ethylene glycol, oil etc., which are commonly known as base fluids.
As reported by Choi [26] it is an innovative technique to improve heat transfer by using nanoscale particles in the base fluid. Subsequently, Choi et. al., [27] showed that the addition of a small amount (less than 1% by and Rathod and Asha, [44] concern peristaltic transport of couple stress fluid in uniform and nonuniform annulus with and without porous medium, respectively. Rathod et. al., [45] showed that the study of peristaltic pumping of couple stress fluid through a tube with non-erodible porous lining has possible biomedical applications in the treatment of ureter disorders. Raghunath Rao and Prasada Rao [46] studied peristaltic transport of a couple stress fluid permeated with suspended particles. Alsaedi et. al., [47] analysed peristaltic flow of couple stress fluid through uniform porous medium. Shit and Roy [48] considered the hydromagnetic effect on peristaltic flow of a couple-stress fluid through an inclined channel.
Recently, Vidhya et. al., [49] considered MHD peristaltic flow of a couple-stress fluid permeated with suspended particles through a porous medium under long wavelength approximation and Hina et. al., [50] reported exact solution for peristaltic flow of couplestress fluid with wall properties.
Majumder et. al., [51] showed that nanofluidic flow usually exhibits partial slip against the solid surface, which can be characterized by the socalled slip length, which varies in the range 3.4 -68mm for different liquids. This implies that the slip conditions are the more realistic boundary conditions than the usual no slip boundary conditions. Several authors have considered effect of slip on the peristaltic flow in channels/tubes; Ebaid [18] , Shob [19] , Das [24] and Akbar et. al., [31] . Recently, Akbar and Nadeem H are given by (see Figure 1 )
. (2) Here , respectively. It should be noted that the following condition must be achieved
with the choice of 1 1 1 2 , , , and
, so that the walls will not intersect with each other. 2, 
Following Shapiro et. al., [3] , a wave frame of 
Eliminating pressure from equations (20) and (21) 
The following general boundary conditions are used to solve equations (20) - (24) (28) where F is dimensionless time-mean flow rate in the wave frame to be defined in the following subsection, is the slip parameter, Bi and * Bi are thermal and solutal Biot numbers respectively.
Rate of Volume Flow
The instantaneous volume flow rate in the fixed frame is given by (1) and (2) respectively. The rate of volume flow in the wave frame is given by
where 11 H H X and 22 H H X are functions of X alone. If we substitute (13) into (29) and make use of (30) ,
where, T c is wave period . Now integrating (31) with respect to t over a wave period and using (32) yields the following equation :
On defining the dimensionless time-mean flows Q and F, respectively, in the fixed and wave frame as 
Pressure rise per wavelength
When the flow is steady in the wave frame, one can 
In sections to follow, we present the closed form and perturbation solutions for the energy, species and momentum conservation equations, respectively.
Closed form solutions of energy and species equations:
The closed form solutions of the equations (22) - (23) subjected to the boundary conditions (27) - (28) is obtained by integrating equation (23) with respect to y
Substituting equation (36) in equation (22) we get the following second order differential equation in : 
Integrating equation (38) with respect to y we obtain the solution of the equation (37) as x that are to be determined. Using boundary conditions (27) and (28) 
Closed form solution of momentum equation:
On using the solutions (39) and (40) 
where, In the following section we present the discussion of the results obtained with the help of analytical solutions obtained so far.
Results and discussion
Important results obtained through the exact solutions for the temperature, nanoparticle and velocity distribution and pressure rise over a wavelength is discussed . The results pertaining to the important physical parameters like couple-stress parameter, Grashof numbers, Biot numbers and slip parameters only discussed here as peristaltic flow effect is available in the lirerature. Also, equations (20) - (24) are partially decoupled hence couple-stress and slip parameter affect only velocity distribution and have no effect on the temperature and nanoparticle Values of other functions can be obtained from equations (41) - (43) and (46). The values of the function 1 f for a given set of parametric values are given in Table 1 . Cs . In the peristaltic pumping region the pressure rise over a wavelength P shows a mixed behavior with respect to couple-stress parameter 2 Cs due to the fact that the couple-stress retards the motion till a critical value of 2 Cs is reached and enhances thereafter. In the co-pumping region, the pressure rise over a wavelength P is an increasing function of the couple-stress parameter 2 Cs . The mixed behavior in the pressure rise in the peristaltic pumping regime is due to the completion between the usual suspensions and the nano-sized suspensions.
For effective biomedical applications one should make sure the concentration of couple-stress producing suspensions should be kept minimum as compared to the concentration of nano-sized suspensions.
Conclusions
Analytical 
